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TITLE OF THE INVENTION 
VARIABLE BANDWIDTH SIONAL MULTIPLEXER AND DEMULTIPLEXER 

BACKGROUND OF THE INVENTION 
100011 The P re sent invention relates tn ™ 

particular *h communication systems. ,„ 

Particular, the present invention relates to * „ 

communication system that 
S,gna,s of differing bandwidths into a „ 

f°°03] Such is commonly the case in 

y me case m satellite communications in 
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•orwards the individual signals to th« 
destination. the a PPropriate 

f0004 J In the past, a difficult problem has h.«n , • 

"Sing tow-cos, mulw • ""^ *«* white 

one or TO r:i: r and demu " iptexin9 ~ - - 

~ * a itt;: not usin9 ,heir assi9ned b — * « « 

a res ult, bandwidth that could be usph m 

match the specific bandwidth needs of . ,, 
However, such ed^en, was tvpic* exoe °' 

undesirable. ' 6 P8St ^ches were 
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; - — - • — — 

°°resses the problems noted above and nfh^ 
experienced. others Previously 

BRIEF SUMMARY OF THE INVENTION 
t00071 ^ ''ret method embodiment of the invention is useful for 

comprise a fi rs, band Md ,h foom a Z ^ 

- — -odimen, oomprises de fini „ g . m , ^ " " 
s< 9 na,s outside a second band wd ,h The 

'"Put s,gnals comprising a third bandwidth that h . , • 
-ond bandwidth are replicated to generate a 

—ponding to the mutople. The rep ZZ " ** 

^'gna's, and the output sianai i* „ 
response to the filtered signals. 9enerated ln 

r ° 008J Afir ^ apparatus embodiment of th, in , 

" — comprising a ^ ^Z^T"^ 

~ ~ embodimen, comprises a circuit res. ! " 
a third bandwidth fhat Is a mulv , . ^ '° ' he ^nals 

tnatisamuMeofasecondbandwidmlessthanthe 
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2 10 9enera,e a number - *- - w to the 

A fflter „ arranged , 0 te , he rep|jca(ed 

~---"- ino . ertog _ teflltered / nals J 

009, A serond method embodiment Qf |nvenfon ^ 

~ 9 3 ^ °' - a * bandw , th(n 

~ an input signal ^ a second ^ tM js a 

r bandw,d,h - ,n ^ - — , the _ d me , od embodlment 

~* 3 ^' «~ <° -ease s ignals outside fte J 

— ■ - input signal are replica(ed jnto g ^ ^ 

:~ 9 10 ,he - - «— a re filtered _ d g ( 

the filterfunction «o gener a «e the output signels. 

'0010, A secon d apparatus embodiment , ^ ^ 

~ r p,ura " of ou,pui si9na,s - h — a - — - 

- nee to a„ , nput , gnal ^ . ^ ^ ^ ^ 

it b ~ ^ " — - — a^us e mbod , ent 

~-'--~ gtothemul(ip ,^ 
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W s i9 na,s to decrease sfcnals outside ,he nrs, bandwUth , order (o 
generate the output sinnak 



generate the output signals 
W1I By using the foregoing techniques s . na|s ^ ffl(ered 

unattained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

100123 Fi9ure 1 a communication system. 

10013] Figure 2 shows a varjab|e bandwid(h s . gna| mui(jp|ej<er 

[OOUJ Figure 3 shows a variable bandwidth signal demultiplexer 

[0015] Figure 4 shows a high level low diagram of a method for variable 

bandwidth signal return path multiplexing. 

[00101 F,ure 5 shows a high leve, now diagram o, a method for variable 
bandwidth signal fonvard path demultiplexing. 



DETAILED DESCRIPTION OF THE INVENTION 
'0017] Figure , iHustrates a communicate system 100 comphsing a relurn 
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two of which are identified a* th* „ 

as the communication signal input 102 and the 
communion si g na, input 104 . The Mmmunteafon ^ 

». ,e Wd path , the ^ fowart 

r: ; demu,,ip,exer 1 10 ~ — • — *- — ^ 

of which are identified a« th= , 

n«ied as the communication signal output ,1 2 and the 

S ' 9na ' — 1 - an o Pfo „a, centre, channe, 116 

-Pies elween the vadahle hand W d,h signa, multiplexer 106 and the V ada b ,e 
bandw,dth signal demultiplexer 1 10. 

•"«■ Star or ho. of the variahle handwidlh signa, muitiplexer 106 and 
-width S ig„ a , demultipfexer 110 may ^ teTOsWaiiy iMa(ed 

located ,n a sa,e„i,e or spacecre, as examples. The ,as, mile and composite 

7 ~ S - - - ' «— . - one ot more ol .1 
hardw,red, optical communication networks. 

10020] The communication signal input 102 carries in . • 

carries, in some instances a 
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communication signal inDut 104 Th..^ * 

9 input 104. Thus, for example, the input 102 may carry a 

100 MHz bandw^th sfcna,, wh ite the input 104 ^ , 200 MH2 „ ^ 
bandwidth signa| . Simi]ariy (he eanrau ^ s . ^ ou(pu( ^ ^ ^ 

communication si g nal havin g a different bandwidth than the communication s,„a, 
output 114. Thus , for example, the vanable bandw Wth si 9 „a, demultiplexer m 

bandwidths, however. 

^ R9Ure 2 *™» "™ — a vanable bandwidth s, g na, 

bandwidth signa, multiplexer 202 ( i„ duding the and ^ ^ ^ 
below,, a composite si g na, output 204, and severe, « bandwidth (a.,, 100 MHz 
bandwidth, communication si g na, inputs 20, Each of ,he communication slgn a, 

preselected bandwidth (e.g., a 100 MHz bandwidth). 

(0022, ln addition , ^ variab|e bandwid(h s . ^ mufc ^ 
exlema, signa, connecions. Seven such external si g „al connections are labeled 
■n H 8 ure 2: the 100 MHz bandwidth externa, connecions 210A-210O, fhe variabie 
bandwidth external connects 211-212, and the 300 MHz external connection 
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divider 220 are also present. 

I00«] The 1:3 power dmer 220 provWes a ^ sp|B ou(pu( ^ a ^ 
sPli. output 224, and a third split outpu| 226 ^ ^ ^ ^ ^ ^ 

-Plica of the input s„na, present on , h e externa, connection 2,4 and is 
individually coupled to a filter. 

lOOUi rne input switeh 218 (under direc(ion ^ ^ genera| pu ^ se 
oontroiter 230, for exa mp ,e> ma y sw„c h variahie handw Wth input signals t0 a „ 
appropriate destination. For exantpie, a 200 MHz handwidth input is switched to 
•he 1:2 power divider 216, whiie a 100 MHz handwidth input is switched direct, 

signal output 204. 

[0025] As an exampte, the composte output sig na, ntay span 1000 MHz in 
bandwidth and the un.om, handwidth si g na, m u„ip,exer 202 may include ten 100 
MHz handwidth niters, spaced 100 MHz apart in center fluency. Note, however 
«ha, the vanaoie handwidth sig na, nruitipiexer 200 does no, retire tha, each inpul 

signal span a 100 MHz bandwidth Rathpr 

awratn. Rather, each input signal may vary in 

bandwidth. 
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P-026, Thus, for exampie, and as shotvn ,, Rgure 2 ^ ^ ^ 
ba« externa, i„p ut co nneotk)ns are ^ ^ ^ ^ ^ ^ 

-here is a 300 MHz bandwidth externa, input connect 214 routed to the ,3 
*9na, on the spiit outputs 222-226. Each signai on a sp« output 222-226 

the composite signal output in units of 100 MHz. 

[0027, Assume a 100 MHz bandwid(h inpu( s . presen( ^ ^ ^ 
vanab,e bandwidth externa, connect and a 200 MHz band W d,h input 
s l9 na, present a, the second vanabie bandwidth externa, connection 2,2 The 

content * the 200 MHz sfcna, is n,e„ed into the co m pos„e si g na, output A 
multiplexer 202. 
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W One example of the manner in which the bandwioths of the inpu , 
s. 9 na,s may h. arranged ,, as follows: (he iqo bM ^ ^ 

^ 210A - 21 oo occupy ,he frequency range M MHz, respec^y; d,e ,00 

700 MHz range „ f frequenc(es; and „. 300 bM s . nai ^ to 

■npu, 214 occupies the 700-1000 MHz ran ge o, fences. The si g „a,s on the 
output of divHer 216 each occupy (he 500 . 7oo ^ ^ ^ 

fluencies. ln this example , the 10 ffltera 208 each _ as bandpass ffltere ^ 

decrease sfcnais outside the fo„o Mng respective fluency rang es startlng ^ 

and h igh fluency in i ts range . Thus , , he ^ ^ ^ 

100 MHz. For exampie, the top r,„er has a center frequency of 50 MHz, and the 
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— ,, hes , na(cou , edtoinput2l4hasa 

-Pe of the invention a,so includes in p ut signals with ^ _ 

multiples of the bandwidths of filters 208 » „ 

8 ' e ' 9 " 3 mulli P te ° f 1-2 or 1.8. Each of the 

7 ~ - - " - *- - m.erfertng with noise on 

anotheroftheinpulsignalsintheoutputsignal. 
[0029] The divk) 

'» and 220, and input switch 218 may be 
implemented as known to those skilled in ,h„ 

ho . , " ed communication arts. The filters may 

be fomented as a software filter. In the case of a » 
aloorithm n #• • 3 SOftware ffler . a filter 

algonthm deftntng a filter function is stored in controller an . h • 

, „ „ controller 230 and is executed bv 

controller 230. In the case of a software filter th» „ , . 
function h afe ""^ ^ ^ frequency of the filter 

7 ; ,0 • * — - - *« or replicaled signal being 

Mered. The Alters also may be implemented as a plurality of hardwire fliiel 

7 ^ 3 «* - - *« s,nals are stored in a 

,7 " " filtered "** - ~ '~y sh« to match Ihe 
frequency range of the hardware filter funcbon. 
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r-jr — - - - — 

[0031] Turnj 

*- «emu,«p,exer 300. The 1 e b T Sh0WS 3 VanaWe bandWid ' h 

input 116, a compost signal input 302 and .i,, 
dMdar 304 coupled to ,h» P°«-er splitter or power 

-Pled to ,he composite ,000 MHz bandwidth signal input m The 
1-2 power splitter 304 provides a fiw 

flre , , ' deSafirs,s P« °r replicated output 306 coupled to a 

first uniform bandwidth tonn .<u , , 

ram <20 ° MHz , demultiolexer -?nn ~ ., 

boated output 3,0 coupled to a se d 3 ^ "* * 

demultiplexer 3,2 n U * 0mi <1 °° MH2) b ™ 

mumpiexer 3,2. Demultiplexer 308 includes ,«„ „. 

i^uues a 1.5 power divider ?no ^ 

demultiplexer 312 includes a 1m n, „■ • 

wuues a i.io power divider 313. 

f° 03 2] The first uniform bandwidth demultiplexer 3n« ■„ 

bandwidth (eg 200 MH k mU,t ' P ' eXer 308 P~v.de S several first 

(e.g., 200 MHz bandwidth) signal outputs 314 Similarlv * 
uniform bandwidth demultiplexer 312 oroVH 

100 MHz h h . " ^ SeVera ' S6C0nd ban «h (e. fl 

100 MHz bandwidth) signal outputs 316. To that end th, r ♦ 

demultiplexer ■ ** Unifomi bandw " d * 

ciiiuiupiexer 308 incorporates 200 mm, k ^ ■ . 

frequencies, and * *" 318 ( * ""■*» «-*r 

fences, and the second unfform bandwidth demultiptexer 3, 2 inc 
100 MHz bandwidth filters 320 (at dtffe ■ >»™Porztes 

= 320 (a, d, ff enng center frequencies,. For example the 
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*» in demu, 0pl exer 308 serve as bandpass filers ^ der 

9 ^ fre ~* are separated by 200 MHz p 

'-.ete ph asaoe„ t er fr e qU e ncyof3 oOMH 2 Thus 1 ^ *' 

6 center frequency of that filter Th fl • 

bandwidth that is an p S ' 9na ' has a 

The filters in demultiplexer 31? aro 

P'exer 312 are constructed like the filters in 



[0033] 

Figure 2. 



WW Each of the si gnals input tQ ^ 

MHz bandwidth lite tho ■ 9 has a 1000 

dth " ke the ,n P ut signal on input 302 Each of tho ■• 

ontheoutputsofdivider304ha S K h " ^ ^ S ^ ls 

6r 304 nas a bandwidth of 1000 MHz. 
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W >n summ ao ,, the « u « omi bandwid(h demult . |exer 

-re the oomp OS i le input signa , fe wo ^ ^ ^ ^ ^ ■ 
16 oa.es s, S n a , content representat , e of ^ ' 

- 200 mhz *- - - « - *- o U , uts may ca ;i 

mufc - - 200 - *« « - 1M inPUt 

^ As a resut,, the mnM inpu , , , 6 ^ ^ ^ gccve 
o -« <he variable band , d(h ^ demuiapiexer whfch ou(pu(s 

:r d °; us,n9 ^ ^ *- ~. . 

tilters, and the likp Th^ ~ *• 
control word or the likP f,,^ 

.o route to add " i0na ' P ° Wer ^"^ ™* * " 

demulhplexers adapted ,o addition* bendwidms. 

r? Fi9ure4i,,ustetesaflow ^-^- h od f o rva „ abteb ^ 

signal multiplexing in the return path First th» , 

MM a r , ' *" """""""ton system multiplexes 

(W"t) a first communication sionai «n= n „;„ 

9 " al Spann,n 9 a Prelected bandwidth onto a 
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composite signal output Next th« ™ 

the communication system optionally switches 
(404, a rariable band wi d ,h signal t0 . fc of a ^ ^ su 

^ — *- *- * — (-a) into secon d an. th W 
communication si 9 na,s spannin, the pieced ba „ d wi d ,, Rna|ly (he 
communication system multiples m second and ^ 

to a destination. 

[0038] Referring to Fioure 5 at 

9 6 5 ' 3t the rece,ver . in the forward path the 
vanahle „an d wi d ,h d emu„ip,e X e r dMdes (412) the ^ inpu , ^ 

- ou,u, s, 9 nal an d a secon d output sign , Next , ,he fire , outpu( s , na( fe 

• — m a, leas, one „, ter spannin, a secon d pr ese,ec,e d b an d wi dt h 
bandwidth output signal. 

fO°3S, 7hus , tne inven(jon provjdes a variawe bandww(h ^ 

^ on low-cos, un.onm band wi dt h mu, ap ,exin g b ui, di „ g blocks . As „ 

com—on si 9 nals of va„„ g bandwMtn8 may , 

^ncan, incases in cos, or comptexKy in ,he communion S ys,em The 
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7 n ' i0n ^ ~ 3 — band . dth signa , 

«p,e Xer , based on untfom ^ demu/Bp|exjng) recQvering ^ ^ 

^ Whte the invention has ^ described ^ reference (o 

™7 fe " embodimen,s ' — — - - « - ~„ d tha( changes 

^ 66 ^ ^ 6 — - * — - — <ep artJng from me 
scope of the inventi0 , ln addiHon , many modificatjons ^ ^ ^ (o 

s tep , ^ or ma(eria , , o ^ teacwngs ^ |nvenfon 

*n, te scop , ^ „ „ in(ended tha( (wenBon ^ 

to the particular embodiment disclosed but fh»t th • 

closed, but that the mvention will include all 

embodiments falling within the scope of the appended claims. 
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